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2(a,b) and the defining constants are given in table I. 
The integration of equation (2) for the type of source 
distribution used and the condition .-.- _. 

/ 
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The fGrmd.m for the speeds of:flbw due fo- the~'sourc6 
distribution nnrmal to the axis (v) 
axis (u) 

'and parallel to the 
are as fallows: 
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It is evident that a group of body surfaces of differ- 
ent fineness ratios can be obtained from one source dis- 
tribution by choosing different values for the superimposed 
parallel flow. The maximum diameter of the bodies to be 
derived was arbftrarilg chosen as one-fifth of the length 

, of the source distribution. The speed V of the superfm- 
Fosed parallel flow to satisfy this condition was deter- 
mined as follows: 

. .- 

The station x of the maximum dfameter of the body 
was found by determining from equation (6) the value of x 
at which the velocity v is zero at a value of y corre- 
sponding to the selected maximum radius of the body. The 
stream function $fl was then computed for these coordi- 
nates by means of'equation (5). The required value of v 
was then readily determined from equations (3) and (4). ----_- 

The coordinates of the surfaces of the bodies given 
in table II mere obtained by computing a number of values 

. - of $1 and Q2 corresponding to selected values of x 
and Y, and graphically solving equation (4). . 

This graphical solution'(rsference 2) consists of 
plotting curves of QL for the condftfon x = constant 
against y. The intersections of 'these curves with that 
of equation (3) determine the coordinates x and y of 
points on the surface of the body. -- -- -- -- fv-- 

-.-__- _ 

. : 
.; 

. 

In general, the nose and tail points of the body will 
not fall at x = 0 and x = 1. For the range of bource 
distributions used, however, the tail points were not ap- 
preciably displaced from the point x = 1 @nd are coasid- 
ered to occur at that point. The nose points, however, 
are appreciably upstream from the point x = 0 and are 
not readily determined with sufficient. accuracy by the 
foregoing methods. These points mere determined by finding - 
the point on the x asis where the velocity from the 
source distribution is equal and opposite to that of the 
superimposed flow. This point w-as determined from a Sim- 
plified form of equation (7) derived to hold on the x 
axis in the nefghborhood of x = 0. Tho fineness ratios 
of the forms obtained are slightly greater than 5 because 
of this extension of the nose ahead of the point x = .O. 

The ordinates of the ten forms computed are given in 
table II and the outlin'es of the forms are shown in figure 
3. Each form is designated by a number of three. digits 

..-.- _ 

which indicate in a general way the nose sha?e, the tail 
fullness, and the tail angle. 
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The theoretical pressure distribution over the surface 
of--the body or in the field about the bodY can-be obtained 
from Bernoulliis, equation and the velocities v cd.. u, 
com_nutod from equaticns (6) and (7). Them-total velocity 
at any point is found by adding vectorinlly these veloci- 
ties to the velocity Q of the superfmDosed parallel flora, 
The theoretical pressure distribution about form 111 has 
been computed and is shown in figure 4. It can be seen 
that the points of, discon.tinuity of the source-distribution 
curve have no marked direct effect on- the fairness of the 
pressure-distribution curve. 

MODELS AND TESTS 

' Aluminum-alloy models mere made of fo*ms 111, 221, 
222, and 332. 

-..- 
The models ticre 8 Inches in maximum diame- 

izz-and were carefully finished to prevent drag increases. 
due ta.surfaco roughness (references 3 and 4). Each model 
was built in two sections, the division beisg made at the 
maximum diameter to allow the various nose and tail por- 
tions to be combined to form models of different shape. 
In this may models approximating the-shapes of any of the 
remaining six computed forms could be obtained if tests of 
these forms were found to be desir-able as a result of the 
tests of the original four-models. Tests Nero actually 
obtainod in this way of forms 121 a.nd.211. The other four 
forms tvere not tested because the results indicated that 
thay tvould have loss favorable drag'characteristice than 
the best tested forms. 

The models were tested at zero yaw and pi-tch in the 
N.A.C.A. variable-density wind'tunnel .(reference 5) at 
six values of the Reynolds Bumber,based'oh the model 
length, from abaut 1,500,000 to 25,'c17su,OOd~ The test --.. 
methods and corrections applied to the results are de- 
scribed in references 3 and 4. -The precision of the tests 
was as described in reference 4 except that the uncertainty 
of tho balance calibration mentioned therein had been &Lim- 
inated by the use of an improved drag balance. 

RESULTS AND DISCUSSION 

Drag coofficionts fcr.the six models tested based 
both on the cross-sectional area CD and the two-thirds 

A 



N.A.C.A. Technical Note No. 614 7 
.’ 

. 

. 

1 

. 

gomar of the volume G are shown plotted against Roynolds 
Numbsr in figure 5. T 8 Q bodieSsmith the sharper noses and 
tails havo the lomost drag coefficients even when the co- 
efficients are based on the two-thirds power of-theol- 
ume. The.data,shom the most important single characte&is- 
tic of the body form to be the tail angle, wXch must be 
fine to obtain low'drag. -- 

Jalues of the drag coefficient corrected to an efzec- 
tive value of the Reynolds Number bf 66,000,OOO from the 
test value of 'the-Reynolds number of' 25,000,OOO are tabU- 
lated in table III. The correction (reference 6) allows 
for the decrease in skin-friction drag at the effective 
value-of the Reynolds Number below that for the test value 
of the Reynolds Number. The correction is made by multi- 
plying the test values of the drag coefficients by a fac- 
tor, ahich is takeh as 0.875 for's test value of the 
Reynolds Number of 25,000,OOO; The corrected valuos of r 
the drag,coefficient are believed to be more nearly appli- 
cable to flight at the effective Reynolds Number than the 

.* 

test values at the test Reynolds Number. .-.-; 

The fuselage size for some airplanes, particularly 
s'mall ones, is largely determined by the cross:sectional 
area required by the selected seating arrangement. In 
such cases a fuselage shape such as 111 may save an apprej 
ciable part of the ,fuselago drag..os compared-%ith a more 
conventional shape such as 222. In the case of other air+ 
planes, such as large transports, the longitudinal afitri- 
bution of fuselage volume become8 of considerable impor-.. 
tanco, and tho fuselage size may b8 determined by consid- 

erations other than that of maximum cross-sectional area. 
Under the'se circumstances a caroful.analysis is required 
to solsct tho propor form to give lowest drag. Such an 
analysis is hampered by the lack of knowledge of.Bovoral 
factors including the variation of drag with fineness ratio, 
a study of which constitues the next part of the N.A.C.A. 
investigation of fuselage drag.. . 

-. ‘ -4 

Langley Memorial Aeronautical Laboratory, 
National Advisory Gommittoo for Aeronautics, 

Langley Field, Va., August 5, 1937. 
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TABLE I 

CONSTAXT DEFIXING THE SOURCE-SIXK DISTRIBUTIONS USED 

w-m-_ 

Form 

111 

i.?l 

122 

211 

221 

222 

232 

321 

322 

332 

--- 

--m--p___ 
e 

-mm- 

0.05000.0 

.050000 

.050000 

.012500 

.012500 

.012500 

.012500 

.006250, 

.006250, 

.006250 

-- 

f 
- _.- 

0.333333 

.333333 

.333333 

,250ooo 

$250900 

,250OOO 

.250000 

,175ooo 

.175000 

.175000 

---- . I  

E- h 
-- ----- 

0.400000 0.700000 

.525000 .775000 

.450000 .925000 

.4oocoo .700000 

.525000 .775000 

.450000 .925000 

.550000 .950000 

.525000. .775000 

.450000 .925000 

.550000 .950000 

---t 

- 
.-- - 

.- 

: 
7 

+ 

‘> 

-- 

1 

-4 ___ 

. 



. I 

i 
. 1 , . , . 

. 8 

. 

. 

TABLE11 . 

C 
COMPUTED ORDINATES OF FUSELAGE FORMS- 

f~I.1 values given as percentage of basic length, Baelo length of models was 40 incheel 

111 ?l21 b122 a211 221 222 232 ) 321 322 332 
'-_ I I # 

F&&Ii at specified stations 

0 

21075 

2 
-135' 

6:ff; 
t3.&3? 
Y.&C 

1cl.,000 
I- 

89:g 

0 
I - 

0 
- - 

-A 
0 
1.25 2.030 2.040 
2.50 
5.00 2 

.ogo 
;2 

.d5 

10.00 ii% 6% 
20.00 

0.18 i 0.17 1 0.17 1.19 1.17 1 1.17 1 1.16 I.91 1 l.dd 1 l.i39 
yLf,3j 1 43.t31 142.87 36.12 41.05 140.02 143.90 E 39.32 138.35 'I 42.00 

&rhe nrdinates of models 121 ELM 2ll ae tested differ from the computed ordlnatea RB tabulated 
beaRuse these models were obtained by'oombinlng nose and tall portions of Other models; the 
naparation between notte and tall portiona was at station B. The model tested as 12l was made 
up of the nose of model 111 and the tall of model 221, and the one tested as model 211 was made 
up of the nose of model 222 ma the tall of mode,1 111. bMot tested. is 

0 
2.695 

0875 
t l 730 

;::g 

;:bB; 
10.000 
9.990 
9.980 

8*G: 
&oo 
7.080 

9":: 
2: 0 & 
0 

-I- 
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TABLE III 

DRAG COEFFICIENTS AT AX EFFECTIVE 

REYNOLDS NUIiSB$R OF 66,000,OOO 

(Reynolds Number is based on fuselage length) 

- 

Form 

111 

121 

211 

22l. 

222 

332 

------- 

--- 

% 

B--P -- 

0.0179 

.0176 

.0177 

.0178 

,0188 

.0193 

-- 

cD* -- 
0.0401 

.0405 

.0415 

.0437 

.0472 

.0508 

- 

--- .- - 

-- f 

1. 
- 

, 

. 
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Figure 4.- Theoretloal presau?o dlrtribu?iOn about form 111. 
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